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ABSTRACT 

Knock ratings made at altitude have shown systematic differences from ratings 
made at sea level, on some fuel types. Altitude-chamber tests showed that com- 
plete agreement could be obtained if tests were made at uniform knock intensity, 
and that uniform knock intensity was obtained when the cylinder clearance volume 
was reduced in linear relation to air pressure. From these tests, equations are 
developed to relate clearance volume for standard knock intensity to air pressure 
and to octane number for the ASTM Motor and the CFR Research Methods of 
knock rating. Equations are also developed to relate octane-number require- 
ment to air pressure, and these are shown to agree with road-test data. 
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I. INTRODUCTION 

Since the knock rating of motor gasolines was placed on a uniform 
basis by the adoption in 1933 of the ASTM Motor Method which was 
developed by the Cooperative Fuel Research Committee, ratings 
made by laboratories located at higher altitudes frequently have failed 
to agree with ratings made by other laboratories operating near sea 
level. While the magnitudes of the discrepancies varied with fuel 
type, they were generally systematic with respect to altitude, and 
often too large to be ascribed to known sources of accidental errors. 

Cooperative field tests definitely correlated the effect with altitude. 
In 1937, Holaday and Moore reported [1] ' an investigation in which 
the effects of altitude were obtained by reducing the intake and ex- 
haust pressures of a CFR-ASTM Motor Method engine. As the 
result of this investigation, a series of larger Venturis was prescribed 
for use at different altitudes in place of the venturi used at sea level. 
These recommendations were based on the thesis of maintaining 
constant compression pressure at all altitudes, although the experi- 
mental work of these investigators showed that this did not result 
in maintaining constant knock intensity. Some improvement in 
results followed the adoption of the recommendations of Holaday and 
Moore. 

* Figures in brackets indicate the literature references at the end of this paper. 
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Adoption of the 1939 CFR Research Method by the Cooperative 
Fuel Research Committee again raised the problem of modifications 
required for knock rating at altitude. A program of field tests was 
carried on in 1940 in which coincident change of venturi size and 
spark advance was tried as a means of compensation for reduced air 
pressure. The ratings so obtained showed an undesirably large spread 
for some fuels. 

Early in 1941, the National Bureau of Standards was asked by the 
Altitude Procedure Group of the CFR Motor Fuels Division to assist 
in determining appropriate conditions for knock rating by the ASTM 
Motor and the CFR Research Methods at altitudes up to 7,000 ft. by 
cooperative tests in one of the Bureau's altitude chambers, skilled 
technicians and additional cylinder assemblies being made available 
by the participating organizations. 

Preliminary tests were carried out on a CFR engine in April 1941. 
Altitude procedures based thereon were subjected to field tests, and 
were found to be substantially correct. An additional assignment 
was then given to this project, this being to determine the variation 
of compression ratio with octane number which would be required to 
maintain standard knock intensity at all octane numbers. Hereto- 
fore this had been defined at only tw^o levels of octane number. The 
curve of compression ratio or its equivalent, micrometer setting, for 
standard knock intensity versus octane number, is known as a "guide 
curve.' ' This assignment was carried out in conjunction with the final 
tests in the altitude chamber, three CFR-engine cylinder assemblies 
being used in this work. The procedures and recommendations 
resulting from this work were subjected to field tests in December 
1941. Additional field tests were made late in January 1942 to deter- 
mine the best compression ratio for knock rating in the region of 100 
octane number by the ASTM Motor Method, the earlier data being 
unsatisfactory at this level. The final recommendations were approved 
February 6 by the CFR Committee. 

II. DESCRIPTION OF CFR ENGINE 

The engine [2, 3, 4, 5, 6] currently approved for the knock rating 
of motor gasolines has been designed and built to the specifications of 
the Cooperative Fuel Research Committee. It is a single-cylinder 
engine belt-connected to a synchronous motor-generator, which 
maintains engine speed constant at all times. A mechanism for rais- 
ing or lowering the cylinder relative to the crankcase permits continu- 
ous variation of the compression ratio. The height of the cylinder, 
and inferentially the cylinder clearance volume and the compression 
ratio, is measured by a micrometer suitably located and graduated in 
thousandths of an inch. The micrometer is so adjusted that a reading 
of 0.000 in. corresponds to a compression ratio of 10.0, and a reading 
of 1.000 in. to a compression ratio of 4.0. Compression ratio, R, is 
determined by cylinder clearance volume and is related to micrometer 
setting, M y according to the equation 

R ~M+0J>' (1) 

When operating by ASTM Motor Method [7], the engine speed is 
900 rpm and the intake-mixture temperature is 300° F. The spark 
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advance is automatically varied in accordance with the compression 
ratio. In sea-level operation, a /ir,-in. venturi is used in the carburetor, 
and a throttle plate (thin-plate rectangular orifice) constricts the pas- 
sage from carburetor to engine. The CFR Research Method requires 
an engine speed of 600 rpm, an intake air temperature of 125° F, and 
fixed spark advance. In sea-level operation, a %%-m. venturi is used, 
without the throttle plate. 

When operating by either method, the temperature of the engine 
coolant is maintained constant within 1° F and is held within the 
limits 209° to 215° F. The humidity of the intake air is not allowed 
to exceed 50 grains of moisture per pound of dry air, and is customarily 
regulated by passing the intake air through cracked ice in a tower so 
designed that the output air humidity is maintained at 27 grains of 
moisture per pound of dry air at standard barometric pressure. 

The intensity of knock is indicated on a "knockmeter", which is 
actuated by a "bouncing-pin." The latter consists of a steel pin 
resting on a steel diaphragm flush with the upper combustion chamber 
surface of the engine cylinder. The impact of knock causes the pin 
to "bounce" and close a pair of contacts. The current flowing through 
the contacts is indicated by the knockmeter, a thermocouple ammeter 
sufficiently damped so that no fluctuation in the indicating needle 
occurs between successive contacts. Suitable adjustments are pro- 
vided to limit pin travel and chatter. 

As the knock ratings of some types of fuels vary with knock in- 
tensity, it is necessary to define and maintain a "standard knock 
intensity." In making a knock rating, the bouncing pin is first 
"standardized," that is, the adjustments of the pin are varied until 
it causes the same knockmeter reading when operating at appropriate 
compression ratios at each of the two standard levels of octane number. 
At an atmospheric pressure of 29.92 in. Hg, standard knock intensity 
by the ASTM Motor Method has been defined as that produced by 
use of a standard fuel of 65 octane number at 5.3 compression ratio 
and 90 octane number at 7.1, whereas by the CFR Research Method, 
the corresponding values were 70 octane number at 5.75 compression 
ratio and 90 octane number at 6.7. The compression ratio is then 
adjusted so that the test fuel gives a knock of standard intensity, as 
indicated by the knockmeter. By direct comparison, or by the use 
of calibrated reference fuels, the composition of that blend of 2,2,4- 
trimethylpentane ("isooctane") and normal heptane which gives a 
knockmeter reading equal to that of the test fuel is ascertained. The 
percentage of isooctane in such blend is the octane number of the fuel. 

III. TEST EQUIPMENT 

A standard CFR unit with ice-tower humidity control was installed 
in a National Bureau of Standards altitude chamber [8]. The con- 
denser of the engine was sealed and was vented outside the chamber, 
to maintain constant coolant temperature at all altitudes. The 
engine inducted and exhausted at chamber pressure. Pressure in the 
chamber was determined by a mercury manometer and a calibrated 
barometer, and was maintained constant within 0.01 in. Hg during 
each test. 

455653—42 4 
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With each cylinder assembly, the micrometer was adjusted by 
measuring the clearance volume with one side of the engine base 
raised one-half inch so that the bouncing-pin hole was at the higher 
side of the head. Each operator was asked to adjust his bouncing 
pin by his usual method, but to endeavor to obtain a setting which 
would give the same knockmeter reading when the engine was ad- 
justed to give standard knock intensity at each of the two specified 
levels of octane number. 

IV. PRELIMINARY ALTITUDE-CHAMBER TESTS 

In the first series of altitude-chamber tests, similar programs were 
carried out for the ASTM Motor and CFR Research Methods. The 
general objectives were to determine for each modification of the 
induction system (venturi size, throttle plate) at a series of altitudes 
up to 8,000 ft (a) the compression ratio for constant absolute com- 
pression pressure, (b) the compression ratio for standard knock in- 
tensity at the two levels of octane number, and (c) the compression 
ratio at which the rating of a sensitive fuel, known as X-l, was the 
same as that found for it at sea level. 

The general procedure at each altitude was to make measurements 
of the variable in question at a series of compression ratios. The 
resulting data were plotted, and the compression ratio was found at 
which the variable had the same value as it had at sea level. 

The results of these tests showed: 

1. Ratings made at constant knock intensity were independent of 
air pressure. 

2. Constant knock intensity was not obtained at constant absolute 
compression pressure. 

3. Compression ratio for constant knock intensity was a curvilinear 
function of air pressure. 

4. The micrometer setting for constant knock intensity was a linear 
function of air pressure, the derivative of this function being the same 
at both levels of octane number, although it was different for the two 
test methods. 

5. No advantage resulted from the use of more than three sizes of 
venturi for the ASTM Motor Method, or one size for the CFR Re- 
search Method. 

To verify these findings in service, field tests were run in which 9 
fuels were rated by over 20 laboratories, two-thirds of these being 
located near sea level and the remainder at higher altitudes up to 
6,600 ft. The resulting ratings showed no trend with altitude, and 
the average of the values obtained by the altitude laboratories was 
within 0.1 octane unit of that found by the sea-level group. The 
average of the standard deviations of the results reported by the alti- 
tude laboratories was one-fourth larger than the sea-level average, 
which difference might be expected [9] in view of the generally greater 
experience of the personnel of the sea-level group. 
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V. FINAL ALTITUDE-CHAMBER TESTS 
1. TEST PROCEDURE 

To make certain that the results were not biased by the idiosyn- 
crasies of any particular engine, three additional cylinder assemblies 
were used in these tests. The procedure with each cylinder assembly 
consisted in standardizing the bouncing-pin setting at sea level, then 
running guide curves at selected altitudes, and altitude curves (mi- 
crometer setting for standard knock intensity) with fuels of selected 
octane numbers. 

ASTM Motor Method tests were made in all cases by standardizing 
the pin with the %«-in. venturi and throttle plate. Guide and altitude 
curves were determined with the %e-in. venturi with throttle plate, 
and with the %%-, 2 %2-, and %-in. Venturis without throttle plate. 
CFR Research Method tests were made only with the %6-in. venturi, 
the earlier tests having shown that larger Venturis did not increase the 
volumetric efficiency appreciably, and therefore would not alter the 
knock intensity. 

On the first cylinder assembly, guide curves were run with the 
%e-, l %f l and %-in. Venturis at sea level, and at pressures of 28, 26, 24, 
and 22 in. Hg. On subsequent assemblies, curves were determined 
only at 28 in. Hg, this point being selected in preference to operating 
at sea level with uncontrolled air pressure. Altitude curves were 
generally determined from sea level to 22 in. Hg, but were extended 
below this pressure in certain instances, being carried to an equivalent 
altitude of 20,000 ft. in one case. Knockmeter drift was determined 
by repeating the first test point at the end of the test, and due correc- 
tion of intermediate tests was made. 

Guide curves were determined by finding the micrometer setting 
for standard knock intensity for reference fuels of 40, 50, 60, 65 
(ASTM Motor Method only), 70, 80, 90, 95, and 100 octane number. 

2. TEST RESULTS 

Data taken to determine the ASTM Motor Method guide curve for 
each venturi are listed in table 1. The columns give in order the 
cylinder assembly, the venturi size, the barometric pressure at which 
the test was run, and the micrometer settings found to give standard 
knock intensity with each blend of secondary reference fuels. The 
last column gives the rating of reference fuel X-l, as interpolated 
from the micrometer setting found to give standard knock intensity 
with this fuel. Allowing for the reduced accuracy of this indirect but 
rapid method of estimating the rating of X-l, no significant differences 
in the ratings of this sensitive reference fuel were found with different 
Venturis or at different altitudes. 

Table 1 illustrates the necessity for readjustment of the bouncing- 
pin above 90 octane number. Except where noted, the pin was not 
readjusted in making these runs. In several cases the micrometer 
setting found at 100 octane number is as high as or higher than that 
at 95 octane number. Careful study of pin behavior in this range 
led to the belief that more than one pin setting may be required to 
cover the range 90 to 100 octane number. 
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Table 1. — Guide-curve data — ASTM Motor Method 



Cylinder 


Ven- 
turi 
size 


Baro- 
metric 
pres- 
sure 


Micrometer settings for octane number — 


Rating 


40 


50 


60 


65 


70 


80 


90 


95 


100 


ofX-1* 


1 

1 


in. 

"Me 

*Me 

*>Me 

*Me 
Me 

Me 

Me 
Me 
Me 
Me 

Me 

Me 
Me 
Me 

Me 

1%J 

!M32 
l %2 
*%2 

l %2 
x %2 
19 A2 

% 
H 
% 

% 
% 
3 /4 

% 

% 
% 


in. Hg 
29.80 
29.66 
28.00 
28.00 

29.60 
29.57 
28.00 
28.00 
28.00 
28.00 
28.00 

26.00 
24.00 
22.00 
20.00 

30.20 
30.21 
28.00 
28.00 
28.00 

26.00 
24.00 
22.00 

30.04 
30.03 
30.02 
28.00 
28.00 
28.00 

26.00 
24.00 
22.00 


in. 
0.696 


in. 
0.654 


in. 
0.578 


in. 
0.542 
.521 
.488 
.495 

.579 


in. 
0.500 


in. 
0.410 


in. 
0.234 
.230 
.180 
.207 


in. 

0.194 

.169 

.145 

.172 


in. 
0.173 
.132 
.200 
.158 


Octane 

number 

71.3 


1 

3 


.650 
.658 

.731 


.601 
.600 

.678 


.530 
.534 

.611 


.450 
.451 

.538 


.358 
.337 


70.7 
70.9 


1 


71.3 


1 . 


.438 
.394 
.374 


.279 
.225 
.211 
.213 
.176 
.267 

.159 
.090 
.030 


.250 
.202 
.185 
.184 
.103 
.238 

.133 
.073 


.250 
.202 
.177 
.175 
.065 
.225 




1 


.694 
.674 


.637 
.616 


.565 
.556 


.521 
.521 


.482 
.473 


70.9 


2... 


71.3 


2 


( c ) 


2 














( c ) 


3___. 


.651 

.633 

.580 
.504 


.605 

.583 
.521 
.443 


.549 

.512 
.447 
.377 


.522 

.470 
.404 
.344 
.250 

.626 


.476 

.435 
.357 
.301 

.585 


.370 

.330 
.249 
.188 
.121 

.479 


70.5 


1 


71.2 


1_. 


70.7 


1 _ 


70.5 


1 








1 


.798 


.734 


.659 








71.0 


1 


.301 
.209 
.232 
.260 

.178 
.123 
.068 


.247 
.173 
.142 
.182 

.110 
.031 


.189 

"."691 " 
.116 

.090 




1 .. 


.721 
.739 
.717 

.676 
.623 
.556 

.840 


.673 
.678 
.667 

.626 

.562 
.501 

.780 


.605 
.608 
.594 

.563 
.506 
.435 

.698 


.568 
.564 
.562 

.520 
.465 
.386 

.662 


.528 
.513 
.524 

.486 
.420 
.347 

.608 


.414 
.403 
.409 

.371 
.314 
.238 

.496 


71.5 


3—' —-.!.—-." 


71.3 
70.6 


i 


70.5 


i... 


70.9 


i„_ 


70.0 


i _ 






70.6 


i 


.369 








i 














.315 
.219 
.222 
.275 

.160 
.107 
.051 


.280 
.203 
.172 
.285 




i 


.785 
.784 
.789 

.708 
.644 
.580 


.718 
.714 
.713 

.651 
.593 
.533 


.642 
.648 
.663 

. 580 
.530 
.468 


.601 
.598 
.626 

.542 
.486 
.418 


.549 
.552 
.582 

.494 
.436 
.372 


.418 
.440 
.479 

.371 
.321 
.259 


.277 
.300 
.331 

.213 
.159 
.102 


71.4 


2__. 


71.0 


3 ... 


70.4 


1 


70.8 


1 


70.7 


1 


70.5 







<* Interpolated rating. 
b With throttle plate. 
Pin reset. 



Table 2. — Altitude data — ASTM Motor Method 



Cylinder 


1 

Me 

40 

29.32 


1 

Mo 

65 

29.40 


2 

Me 

65 

29.81 


3 

Me 

65 

29.73 


1 

Me 

80 

29.76 


2 

Me 

90 

29.81 


3 

Me 
* 90 
29.73 


1 

1%2 

65 
29.61 


2 


Venturi size, in. 


l %2 


Octane number 


65 


Sea-level pressure, in. Hg. ._ 


29.80 










Micro 


meter se 


ttings 








Barometric pressure, in. Hg: 
Sea level- 


in. 
0.734 
.701 
.640 
.573 
.512 


in. 
0.556 
.521 
.463 
.407 
.334 


in. 
0. 576 

.526 
*. 479 

.428 

.355 


in. 

0.575 
.521 
.455 
.387 
.316 


in. 
0.422 
.375 
.319 
. 255 
.189 
.113 
.053 
.005 


in. 

0.236 
.183 
.136 
.087 
.037 


in. 
0.319 
.263 
.192 
.116 
.062 


in. 
0. 610 
.556 
.498 
.439 
.374 


in. 

0.609 


28 


.559 


26 


.495 


24 


.435 


22 


.368 


20—. 




18—. 


















16.70-. 


















16—. 


















A. 


.0308 


.0298 


.0270 


.0335 


.0301 


.0252 


.0340 


.0306 


.0309 







See footnotes at end of table. 
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Table 2. — Altitude data — ASTM Motor Method — Continued 
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Cylinder.. 


3 
'Hi 

65 
29.60 


2 

90 
29.80 


3 

90 

29.57 


1 

N 

40 
29.81 


1 

H 

65 

29.65 


2 

M 

65 
29.92 


3 

H 

65 
29.99 


1 

u 

80 
29.63 


2 

K 

90 

29.89 


3 


Venturi size, in 


n 


Octane number 


»90 


Sea-level pressure, in. Ug 


29.97 




Micrometer settings 


Barometric pressure, in. Hg: 
Sea level 


in. 
0. 607 
.565 
.516 
.457 
.382 


in. 
0.273 
.226 
.178 
.119 
.067 


in. 
0.294 
.258 
.203 
.144 
.080 


in. 
0.829 
.770 
.700 
.636 
.578 
. 519 
.444 


in. 
0.640 
.582 
.524 
.483 
.417 


in. 
0.664 
.601 
.542 
.484 
.414 


in. 
0. 667 
.613 
.552 
.503 
.442 


in. 
0.455 
.407 
.362 
.298 
.240 


in. 
0.372 
.306 
.222 
.156 
.102 


in. 

0.390 


28 


.349 


26 _. 


.288 


24 

22 


.236 
.157 


20 




18— 




















16.70. - 




















16 








.358 
.0324 














A.. 


.0291 


.0265 


.0284 


.0282 


.0311 


.0290 


.0280 


.0349 


.0290 







» Pin setting faulty. 

»» Barometric pressure, 25.96 in. Hg by error 

Altitude data obtained by the ASTM Motor Method are listed in 
table 2. The constant A listed at the bottom of the table is the 
change of micrometer setting for constant knock intensity in inches 
per 1-in. Hg change of air pressure. These data indicate a linear 
relation between micrometer setting and air pressure within experi- 
mental error for air pressures above 20 in. Hg. The average value of 
A obtained from these data and from the data of table 1 is 0.0300. 
From relatively few data obtained in the earlier altitude-chamber 
tests, the value 0.0341 was found. 

Tables 3 and 4 give the guide curve and altitude data for the CFR 
Research Method. The value of A for this method is found to be 
0.0200, as compared with the value 0.0207 found earlier. As in the 
case of the ASTM Motor Method, the data are linear above 20 in* 
Hg within experimental error. 

Table 3. — Guide-curve data — CFR Research Method 



Cylinder 


Baro- 
metric 
pres- 
sure 


Micrometer settings for octane number— 


Rating 


40 


*50 


60 


70 


80 


90 


95 


100 


ofX-i» 


1. _.._ _ _. 


in. Hg 
29.66 
29.65 
29.64 
29.25 
29.24 
28.00 
28.00 
26.00 
22.00 


in. 
0.581 


in. 


in. 


in. 

0.442 

.442 


in. 


in. 


in. 


in. 


Octane 
number 


1 


0.540 


0.497 










78.2 


1 


6.372 
.366 


0.293 
.279 


0. 233 
.212 


0. 146 
.119 




2 


"."565" 
.536 
.535 
.501 
.418 


.525 


.479 


.433 
.433 
.410 
. 406 
.370 
.292 


78.3 


2 




2 

3 


.500 
.498 
.466 
.385 


.465 
.463 
.420 
.343 


.348 
.344 
.304 
.227 


.254 
.254 
.223 
.137 


.185 
.194 
.161 
.077 


.089 
.115 
.074 
( k ) 


78.6 
79.4 


1 


78.5 


1 


78.6 







» Interpolated rating, 
b Slightly below 0.000. 
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Table 4. — Altitude data — CFR Research Method 



Cylinder 


1 

40 
29.65 


1 

70 

29.66 


1 

70 

29.61 


2 

70 
29.53 


3 

70 
30.00 


1 

90 

29.64 


3 


Octane number 


90 


Sea-level pressure, in. Hg 


29.97 






Barometric pressure 


Micrometer settings 


in. Hg 
Sea level 


in. 
0.577 

.546 
.508 
.465 
.420 


in. 
0.442 

.405 
.371 
.337 
.298 
.251 


in. 
0.440 

.409 
.373 
.335 
.293 
.252 
.204 
.146 
.077 

.0195 


in. 
0.439 

.410 
.369 
.328 
.283 


in. 
0.449 

.401 
.362 
.323 
.282 


in. 
0.296 

.265 
.221 
.184 
.141 
.092 


in. 

0.290 


28 


.256 


26. 


.218 


24 


.180 


22 


.138 


20. 




18 










16 














14 














A 


.0205 


.0192 


.0207 


.0206 


.0210 


.0191 







Table 5. — High-altitude tests- 



-ASTM Motor Method, 1+0 octane number with %-in. 
venturi 





Observed 
microm- 
eter read- 
ing 


Computed micrometer reading 


Deviations 


Barometric pressure 


Linear 


Log 


Linear 


Log 




All 


Partial 


All 


Partial 


in. Hg 
29.81.. 


in. 

0.829 
.827 
.770 
.700 
.636 
.578 
.519 
.444 
.358 


in. 

0.830 
.829 
.770 
.704 
.638 
.572 
.506 
.439 
.373 


in. 

0.828 
.826 
.769 
.704 
.63,9 
.574 


in. 

0.826 
.825 
.770 
.707 
.643 
.577 
.509 
.438 
.365 


in. 
-0.001 
-.002 
.000 
-.004 
-.002 
+.006 
+.013 
+.005 
-.015 


in. 
+0. 001 
+.001 
+.001 
-.004 
-.003 
+.004 


in. 
+0.003 


29.77 


+.002 


28.00 


.000 


26.00 . . 


-.007 


24.00 


—.007 


22.00 


+.001 


20.00 .... 


+.010 


18.00 






+.006 


16.00 






—.007 










Standard deviation 


0.007 


0.003 


0.006 















Table 6. — High-altitude tests — ASTM Motor Method, 80 octane number with 

%6-in. venturi 





Observed 
microm- 
eter 
reading 


Computed micrometer reading 


Deviations 


Barometric pressure 


Linear 


Log 


Linear 


Log 




All 


Partial 


All 


Partial 


in. Hg 
29.76 


in. 

0.422 
.421 
.375 
.319 
.255 
.189 
.113 
.053 
.005 


in. 

0.430 
.429 
.373 
.309 
.246 
.182 
.118 
.054 
.012 


in. 

0.425 
.424 
.372 
.313 
.253 
194 


in. 

0.432 
.431 
.375 
.310 
.245 
.181 
.116 
.052 
.011 


in. 
-0.008 
-.008 
+.002 
+.010 
+.009 
+.007 
-.005 
-.001 
-.007 


in. 
-0.003 
-.003 
+.003 
+.006 
+.002 
-.005 


in. 

-0. 010 


29.73 


-.010 


28.00. ._ 


.000 


26.00 _ 


+.009 


24.00 


+.010 


22.00 


+.008 


20.00 


—.003 


18.00 






+.001 


16.70 






-.006 










Standard deviation _ 


0.007 


0.004 


0.007 
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Table 7. — High-altitude tests — CFR Research Method, 70 octane number 





Observed 
microm- 
eter 
reading 


Computed micrometer reading 


Deviations 


Barometric pressure 


Linear 


Log 


Linear 


Log 




All 


Partial 


All 


Partial 


in. Hg 
29.61 


in. 

0.440 
.440 
.409 
.373 
.335 
.293 
.252 
.204 
.146 
.077 


in. 

0. 450 
.449 
.414 
.370 
.325 
.281 
.237 
.192 
.148 
.103 


in. 

0.441 
.440 
.410 
.371 
.333 
.295 


in. 

0.438 
.438 
.411 
.375 
.337 
.295 
.250 
.201 
.144 
.079 


in. 
-0.010 
-.009 
-.005 
+.003 
+.010 
+.012 
+.015 
+.012 
-.002 
-.026 


in, 

-0.001 
.000 
-.001 
+.002 
+.002 
-.002 


in. 

+0. 002 


29.57___ __ 


+.002 


28.00 

26.00 

24.00 


-.002 
-.002 
-.002 


22.00 


-.002 


20.00 


+.002 


18.00 




+.003 


16.00. . 






+.002 


14.00. . 




-.002 








Standard deviation ._ 


0.012 


0.0015 


0.0021 







The data obtained at air pressures below 20 in. Hg indicate that 
the relation bctwoen micrometer setting and altitude is more nearly 
logarithmic, as found in an analysis of the earlier data [10]. This is 
shown in figures 1 and 2, and tables 5, 6, and 7, in which the observed 
data and values calculated from linear and logarithmic equations are 
shown. The logarithmic equations used for the ASTM Method tests 
are of the form 

log(M+0.5)=a\ogp+P, (2) 

where 

M= micrometer setting, in., 
p= barometric pressure, in. Hg, 
a, f$= empirical constants. 

That used for the CFR Research Method data plotted in figure 2, 
has been modified by replacing p by (p—a), where a is also an em- 
pirical constant. This modification results in a much better fit, as 
can be seen by the deviations, table 7. The value found for a is 
7.7 in. Hg, and the equation suggests that this is a lower limit for 
detonation of the type prevailing at normal pressures, as this excel- 
lently fitting equation would require a micrometer setting of —0.5 in. 
(infinite compression ratio) at 7.7 in. Hg air pressure for standard 
knock intensity. 

In figure 1, the values for the %-in. venturi at 40 octane number and 
the %6-in. venturi at 80 octane number have been plotted on offset 
scales, to show by juxtaposition the great similarity of behavior at 
a maximum difference in initial micrometer setting. 

In tables 8 and 9, the guide-curve data for the ASTM Motor and 
the CFR Research Methods have been corrected to standard sea- 
level pressure (29.92 in. Hg), by use of the constants evaluated above. 
A study of these tables shows that there is no change of shape of the 
guide curve at altitude ; it is simply shifted uniformly to lower micrometer 
values. This amounts to saying that the constant A is the same for 
all octane numbers; this fact has been directly verified by analysis also. 
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Figure 1. — Micrometer settings for standard knock intensity by ASTM Motor 

Method. 

The circles and solid-line curve, A, represent data taken with the %-in. venturi, using 40-octane-number 
fuel, and the crosses and broken-line curve, B, those with the ^6-in. venturi, using 80-octane-number fuel. 
The scales of micrometer setting are offset to bring the two curves into juxtaposition, to show the similarity 
of behavior. 
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Figure 2. — Micrometer setting for standard knock intensity by CFR Research 

Method. 

A linear equation fits the data well over the range from sea level to 22 in. Hg, but a logarithmic equation is 
required when the range is extended to 14 in. Hg (approximately 20,000 ft). 

In table 10 this has been carried a step further. By subtracting a 
suitable constant from the average micrometer settings found for each 
venturi the guide curves can be superposed, apparently within experi- 
mental error. This means that change of venturi size has an effect 
analogous to change of air pressure. 
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Table 8. — Guide-curve data by ASTM Motor Method, corrected to 29.92 

(A=0.0300) 



in. Hg 



Cylinder 


Venturi 
size 


Data taken 
at— 


Micrometer settings for octane number- 




40 


50 


60 


65 


70 


80 


90 


1 


in. 

*%6 


in. Hg 

Sea level 

28 


in. 

0.700 

.708 

.716 


in. 

0.658 

.659 

.658 


in. 
0.582 
.588 
.592 


in. 

0.546 

.546 

.553 


in. 

0.504 

.508 

.509 


in. 

0.414 

.416 

.395 


in. 
0.238 


1 .__ 


.238 


3 __. 


28 -. 


.265 








Corrected average . 


»%6 




0.706 


0.656 


0.585 


0.546 


0.505 


0.406 


0.245 








1 


Via 

Vl6 

fit 

Via 


See level 

28 


0.741 
.752 
.732 
.709 
.751 
.758 
.742 


0.688 
.695 
.674 
.663 
.701 
.699 
.681 


0.621 
.623 
.614 
.607 
.630 
.625 
.615 


0.589 
.579 
.579 
.580 
.588 
.582 
.582 


0.548 
.540 
.531 
.534 
.553 
.535 
.539 


0.448 
.452 
.432 
.428 
.448 
.427 
.426 


0.289 


1. 


.283 


2 


28 


.269 


3 


28 


fc.325 


1 


26 


.277 


1 


24 


.268 


1. 


22 


.268 








Avg 


H« 




0.741 


0.686 


0.619 


0.583 


0.540 


0.437 


0.276 








1.... 


1%2 
1%2 
1%2 
l %2 

!%2 
1^32 


Sea level 

28 


0.790 
.779 
.797 
.775 
.794 
.801 
.794 


0.726 
.731 
.736 
.725 
.744 
.740 
.739 


0.651 
.663 
.666 
.652 
.681 
.684 
.673 


0.618 
.626 
.622 
.620 
.638 
.643 
.624 


0.577 
.586 
.571 
.582 
.604 
.598 
.585 


0.471 
.472 
.461 
.467 
.489 
.492 
.476 


0.292 


1 


.267 


2 


28... 


.290 


3____ 


28 


.318 


1 


26 


.296 


1 


24 


.301 


1 


22 


.306 








Avg _ 


1%2 




0.790 


0.734 


0.667 


0.627 


0.586 


0.475 


0.296 








1_ 


% 

% 
% 
H 
% 
% 


Sea level 

28 


0.836 
.843 
.842 
.847 
.826 
.822 
.818 


0.776 
.776 

.772 
.771 
.769 
.771 
.771 


0.694 
.700 
.706 
.721 
.698 
.708 
.706 


0.658 
.659 
.656 
.684 
.660 
.664 
.656 


0.604 
.607 
.610 
.640 
.612 
.614 
.610 


0.492 
.476 
.498 
.537 
.489 
.499 
.497 


0.366 


1 _._ 


.335 


2 


28 


.358 


3_ 


28 


.389 


1 


26 


.331 


1 


24 


.337 


1 _ _ 


22_ 


.340 








Avg __. 


H 




0.833 


0.772 


0.705 


0.662 


0.614 


0.498 


0.351 









■ With throttle plate. 

b Pin setting faulty, omitted in average. 



Table 9. — Guide-curve data by CFR Research Method, corrected to 29.92 in. Hg 

(A= 0.0200) 



Cylinder 


Data taken 
at— 


Micrometer settings for octane number— 


40 


50 


60 


70 


80 


90 


95 


100 


1 


in. Hg 

Sea level _ 

Sea level 

28___. 


in. 
0.586 
.579 
.574 
.573 
.579 
.576 


in. 
0.545 
.538 
.538 
.536 
.544 
.543 


in. 
0.502 
.492 
.503 
.501 
.498 
.501 


in. 
0.447 
.446 
.448 
.444 
.448 
.450 


in. 
0.378 
.379 
.386 
.382 
.382 
.385 


in. 
0.299 
.292 
.292 
.292 
.301 
.295 


in. 
0.239 
.225 
.223 
.232 
.239 
.235 


in. 

0.152 


2 


.132 


2 _... _ 


.127 


3 


28___ 


.153 


1_ 


26. 


.152 


1 


22 


M52 








Avg _ 




0.578 


0.541 


0.500 


0.447 


0.382 


0.295 


0.232 


0.145 









» Estimated. 
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Table 10. — Guide curves corrected to common basis — ASTM Motor Method 





Venturi size 


Correc- 
tion to 
9<«* 


Average corrected micrometer settings for octane number— 




40 


50 


60 


65 


70 


80 


90 


#••— - 


in. 


0.000 
-.033 
-.075 
-.113 


in. 
0.706 
.708 
.715 
.720 


in. 

0.65G 
.653 
.659 
.659 


in. 

0. 585 
.586 
.592 
.592 


in. 

0. 540 
.550 
.552 
.549 


in. 

0. .505 
.507 
.511 
.501 


fa. 

0. 406 
.404 
.400 
.385 


in. 
0. 245 


91 6 


.243 


1%2 -_ 


.221 


% 


.238 







> With throttle plate. 



VI. GUIDE CURVES 



As the altitude-chamber data by the ASTM Motor Method above 
90 octane number were unsatisfactory, cooperative tests were carried 
out in January 1942. These tests were designed to determine the best 
compression ratio for knock rating at 100 octane number by this 
method. From previous work, it appeared that a value of compres- 
sion ratio between 8 and 9 would be suitable when using the %6-in. 
venturi without the throttle plate. Each of the 14 laboratories 
cooperating in these tests was asked to set the bouncing pin to give 
the standard knockmeter reading (approximately midscale) at the 
knock intensity developed by 100-octane-number fuel at 8.0 com- 
pression ratio (corrected for air pressure by eq 6) and rate each of 
three fuels, two of which were very sensitive. The cooperating 
laboratories were further asked to repeat this procedure with the 
bouncing pin set on 100-octane-number fuel at 8.5 and at 9.0 com- 
pression ratios. The three knock intensities were designated A, B, 
and C, respectively. In reporting, the laboratories were asked to 
comment on the relative ease of rating and on bouncing-pin behavior 
at the three knock intensities. 

The results of these tests are shown in table 11. It will be seen 
that there was a slight increase in octane number and in knockmeter 
sensitivity (deflection per octane unit), and a decrease in the average 
standard deviation at the higher knock intensities. In commenting 
on relative ease of rating, most laboratories expressed a preference for 
intensity JS, a few for A, and none for C. Some had experienced 
difficulties in rating at intensity C, and a few considered A too low. 

In approving the tests, the CFR Motor Fuels Division recommended 
that the guide curve be located within the compression-ratio range 
8.2 to 8.5 at 100 octane number, preferably near the latter figure, 
and that the guide curve depart as little as possible from the former 
figure of 7.1 compression ratio at 90 octane number (Ke-in. venturi 
with throttle plate). 
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Table 11. — Knock ratings of special fuels 





Octane number for — 


Laboratory 


Sample 1, knock 
intensity — 


Sample 2, knock 
intensity — 


Sample 3, knock 
intensity— 




A 


B 


C 


A 


B 


C 


A 


B 


C 


1 


96.7 
98.0 
98.2 

98.1 
97.5 
97.4 

97.2 
98.2 
98.5 

96.1 
97.2 
97.9 

96. 7 
95.8 


96.4 
98.0 
98.2 

98.0 
97.7 
98.3 

97.0 
98.2 
98.5 

96.4 
97.0 
98.0 

98.0 
96.2 


96.8 

98.0 
98.2 

98.2 
97.9 
97.9 

97.6 
99.1 
98.1 

98.7 
97.4 
98.0 

97.3 
96.1 


98.0 
99.6 
98.2 

97.0 
97.1 
98.2 

98.0 
97.8 
98.0 

96.4 
99.1 
97.9 

97.6 
99.4 


98.2 
99.6 
98.2 

97.8 
97.4 
98.2 

98.0 

98.7 
98.1 

96.4 
99.1 
97.8 

98.2 
99.6 


98.2 

99.5 
98.2 

98.3 
97.8 
98.2 

98.2 
98.0 
98.0 

97.3 
98.7 
97.9 

97.3 
99.6 








2 


98.3 


98.2 


98.8 


3 




4 








5 








6. 


99.0 


99.6 


99.4 


7 




8. 


98.5 
99.3 


98.5 
98.9 


99.4 


9 


99.0 


10 




ll._ 


98.3 
98.9 

99.1 
96.8 


98.4 
98.9 

99.0 
97.6 


98.6 


12.. . 


99.0 


13 


98.2 


14 


97.4 






Avg 


97.4 
0.80 


97.6 
0.77 


97.8 
0.72 


98.0 
0.86 


98.2 
0.81 


98.2 
0.65 


98.5 
0.74 


98.6 
0.56 


98.7 


Std. dev 


0.62 







Averages 



Knock intensity 


Rating 


Standard 
deviation 


Knockmeter 
sensitivity 


A.. 

B 


Octane No. 
98.0 
98.1 
98.2 


Octane units 

0.80 

.72 

.66 


Divisions per 

octane unit 

8.8 

10.1 

10.6 


C 





In order to utilize most fully the available data, and to give com- 
plete continuity to the guide tables, equations were developed to 
represent the data, and successive points of the tables were calculated 
therefrom. In the equations given below: 

2/= micrometer setting, in., 
x = octane number, 
B^barometric pressure, in. Hg. 

For the ASTM Motor Method at 29.92 in. Hg, using the % 6 -in. 
venturi without the throttle plate, 

yo=0.9169-0.0 2 5330x+0.0 4 5075x 2 -0.0 6 66G7z 3 -0.0 8 1250z 4 . (3) 

For the other two Venturis at standard air pressure, the micrometer 
settings are 



l %t-ixk. venturi 
%-in. venturi 



2/i=2/o+0.042, 
2/2=2/0+0.080. 



(4) 
(5) 



For air pressures other than 29.92 in. Hg, but above 22 in. Hg, the 
micrometer setting is found from the relation 



2/b=2/29.92~0.03(29.92-5). 



(6) 
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For the CFR Research Method, in which only the %s-in. venturi 
without throttle plate is used, the relation between micrometer setting 
and octane number at a barometric pressure of 29.92 in. Hg is 

2/29.92=0.6805-0.0 2 19857a:-0.0 6 44474x 3 +0.0 1 o57168r r; -0.0 1 445794a: 7 (7) 

For other air pressures above 22 in. Hg, 

y B =V2^2- 0.02 (29.92 -B) . (8) 

Tabular values of eq 3 and 7 for the ASTM Motor and the CFR 
Research Methods for octane numbers from 40 to 100 at standard air 
pressures are given in table 12, p. 731. 

In approving the new guide tables, the CFR Motor Fuels Division 
has recommended elimination of the throttle plate, and the use of 
only the following Venturis for the ASTM Motor Method: 



Altitude 


Venturi 
size 


ft. 

to 1,600 

1,600 to 3,300 

Over 3,300 


in. 



The guide tables embodying air pressure corrections derived from 
eq 3 and 6 for the ASTM Motor Method and eq 7 and 8 for the 
CFR Research Method are given in tables 13 to 16. 

As developed, the ASTM Motor Method guide curve passes through 
8.50 compression ratio at 100 octane number (%6-in. venturi, no throttle 
plate) and 7.02 compression ratio instead of 7.10 at 90 octane number 
(%6-in. venturi with throttle plate). This change in the compression 
ratio for standard knock intensity at 90 octane number, and the change 
from the former value of 6.70 to 6.65 compression ratio at 90 octane 
number by the CFR Research Method, can be ascribed almost entirely 
to the (average) difference in clearance volume resulting from the intro- 
duction of the tilt method of calibrating the micrometer zero (used in 
these tests), as compared with the former method, in which the clear- 
ance volume was measured with the engine level, which resulted in 
slight entrapment of air. 

VII. EFFECT OF ALTITUDE ON OCTANE-NUMBER 
REQUIREMENT 

The octane-number requirement of an engine is the octane number 
of the fuel which will cause knock of a specified intensity when used in 
the engine at the throttle opening giving maximum knock. The 
requirement varies with engine and atmospheric conditions. Although 
engine conditions — such as speed, spark advance, coolant temperature, 
and amount of carbon deposit — can be regulated, no direct control of 
air pressure, temperature, or humidity can be had in road tests, or in 
service operation. Of these latter, air pressure can cause the great- 
est variation in octane-number requirement. Earlier road tests 
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[11, 12] indicated a reduction in octane-number requirement averaging 
3 octane units per 1,000 ft increase of altitude. 

Accurate information on the effect of altitude on octane-number 
requirement of CFR engines is afforded by the data of the altitude- 
chamber tests. The relation between air pressure, B, and octane- 
number requirement, x, can be found for the ASTM Motor Method 
engine from eq 3 and 6, as follows. From eq 3, 

dy/dx= - 0.0 2 5330 + 0.0 3 1 015s- 0.0 5 2000x 2 - 0.0 8 5000x 3 . (9) 

From eq 6, 

dy/dB= -0.03. (10) 

Hence 

d5/^=+0.1777-0.0 2 3383a:+0.046667x 2 +0.0 6 1667^, (11) 
and 

5=4+0.1777z-0.0 2 1692x 2 +0.0 4 2222;r 3 + 0.0 7 417z 4 . (12) 

Similarly, from eq 7 and 8, for the CFR Research Method engine, 

5^+0.099282+0.0 4 22237a; 3 -0.0 8 28584:r 5 +0.0 12 22897a^ (13) 

The integration constants A can be evaluated from any known pair of 
values of B and x. To illustrate the variation of octane-number re- 
quirement with altitude for different values of the requirement at sea 
level, figures 3 and 4 have been calculated from eq 12 and 13. The 
equation for each curve on these figures has been found by evaluating 
A (eq 12 or 13) for a value of x which is an integer at Z?— 29.92. 

A comparison of figures 3 and 4 shows that they do not differ to any 
great degree — in fact, not much more than could result from experi- 
mental errors — contrary to what might possibly have been expected 
from the large difference in eq 6 and 8. The road-test data of Mac- 
Coull, Hollister, and Crone [12] are generally in somewhat better agree- 
ment with figure 3 than with figure 4, if due allowance is made for the 
probable differences of humidity in their tests at different natural alti- 
tudes. It appears possible that the variation of octane-number require- 
ment with altitude is nearly independent of the engine used. In any 
case, estimates of this variation for automobiles made from figure 3 
will be correct within the experimental error of road testing. 

VIII. CONCLUSIONS 

The conclusions drawn from the tests reported herein and holding 
over the ranges covered by these tests are as follows: 

1 . The effect of altitude on knock ratings can be obviated by operat- 
ing at constant knock intensity. 

2. The micrometer setting giving constant knock intensity is a linear 
function of air pressure, the derivative of this function being invariant 
with octane number and being 0.030 in. per in. Hg for the ASTM Motor 
Method and 0.020 in. per in. Hg for the CFR Research Method. 

3. The effect on knock intensity of a change in volumetric efficiency 
caused by change of venturi size or other restriction can be compensated 
by a change of micrometer setting, the amount of this change being 
the same at all altitudes and all octane numbers. 

4. For both test methods, the micrometer setting for standard knock 
intensity is a direct polynomial function of the octane number, within 
experimental error. 
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5. The functions relating octane-number requirement of CFR 
engines to altitude are derivable from the guide curves, and appear to 
be of genera] applicability. 
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Figure 3. — Variation of octane-number requirement with altitude, ASTM Motor 

Method engine. 
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Figure 4. — Variation of octane-number requirement with altitude, CFR Research 

Method engine. 

The high precision of the altitude-chamber test data, which so 
greatly facilitated this analysis, amply bespeaks the technical skill 
and thoroughness of the cooperating participants: B. A. Kulason, 
of The Texas Co.; J. L. Philips and H. R. Jacobus, of the Standard 
Oil Development Co.; W. S. Mount and G. MacDonald, of the 
Socony-Vacuum Oil Co., Inc. ; B. R. Siegel, of the Sinclair Refining Co. ; 
and C. H. Walstrom and A. R. Pierce, of the National Bureau of 
Standards, whose careful work is gratefully acknowledged. 
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Table 12. — Micrometer setting for standard knock intensity 
[9/16-in. venturi— barometric pressure of 29.92 in. Hg] 




Octane number 


Micrometer setting 


Octane number 


Micrometer setting 


ASTM 
Motor 
Method 


CFR 

Research 
Method 


ASTM 
Motor 
Method 


CFR 

Research 
Method 


40 . 
41 
42 . 
48- 
44- 

«.. 

46.. 
47_. 
48_. 
49- 

50.. 
51- 
52- 

53- 

54.. 

55- 
56- 
57.. 
58- 
59.. 

80- 

61_. 
62.. 
63 . 




in. 
0.739 
.734 
.729 
.724 
.719 

.714 
.709 
.703 
.698 
.692 

.686 
.680 
.674 
.668 
.662 

.655 
.648 
.641 
.634 
.627 

.620 
.612 
.604 
.596 
.588 

.580 
.571 
.562 
.553 
.543 

.534 


in. 
0.578 
.574 
.570 
.567 
.563 

.559 
.556 
.552 
.548 
.544 

.540 
.536 
.532 
.528 
.524 

.519 
.515 
.510 
.506 
.502 

.497 
.492 
.488 
.483 
.478 

.473 
.468 
.463 
.458 
.453 

.447 


70 


in. 
0.534 
.524 
.514 
.504 
.493 

.482 
.471 
.459 
.447 
.435 

.423 
.410 
.397 
.384 
.370 

.356 
.341 
.327 
.312 
.296 

.280 
.264 
.248 
.231 
.213 

.195 
.177 
.158 
.139 
.120 

.100 


in. 
0.447 




71 


.442 




72 


.436 




73 


.430 




74 


.425 




75 


.419 




76 


.412 




77 


.406 




78 


.399 




79 


.392 




80 


.385 




81 


.378 




82 


.370 




83 


.362 




84 


.354 




85 


.345 




86 


.336 




87 


.327 




88 


.317 




89 


.307 




90 


.296 




91 .._ 


.285 




92 


.273 




93 


.260 


64 


94 


.247 


65 


95 __. 


.233 


66 


96_._ 


.218 


67 


97 


.203 


68 


98 


.187 


69 


99 


.169 


70 - 


100 


.151 
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Table 13. — Guide table for ASTM Motor Method, using 9/16-in. venturi 


Compression ratio at 
29. 92 in. Hg 

Micrometer setting at 
29.92 in. Hg 

Octane number 


4.63 

0. 7391 
40 


4.79 

0. 6862 
50 


5.02 

0. 6196 
60 


5.17 

0. 5795 
65 


5.35 

0. 5338 
70 


5.58 

0. 4818 
75 


5.88 

0. 4228 
80 


6.26 

0. 3559 
85 


6.77 

0.2803 
90 


7.47 

0. 1952 
95 


8.5 

0.099 
10 


Barometric pressure 


Micrometer setting for standard knock intensity 


in. Hg 
31.0 


in. 
0.771 

.765 
.759 
.753 

.747 
.741 

.735 
.729 
.723 
.717 
.711 

.705 
.699 
.693 
.687 
.681 

.675 
.669 
.663 
.657 
.651 


in. 
0.719 

.713 
.707 
.701 
.695 
.689 

.683 
.677 
.671 
.665 
.659 

.653 

.647 
.641 
.635 
.629 

.623 
.617 
.611 
.605 
.599 


in. 
0.652 

.646 
.640 
.634 
.628 
.622 

.616 
.610 
.604 
.598 
.592 

.586 
.580 
.574 
.568 
.562 

.556 
.550 
.544 
.538 
.532 


in. 
0.612 

.606 
.600 
.594 

.588 
.582 

.576 

.570 
.564 
.558 
.552 

.546 

.540 
.534 
.528 
.522 

.516 
.510 
.504 
.498 
.492 


in. 
0.566 

.560 
.554 
.548 
.542 
.536 

.530 
.524 
.518 
.512 
.506 

.500 
.494 
.488 
.482 
.476 

.470 
.464 
.458 
.452 
.446 


in. 
0.514 

.508 
.502 
.496 
.490 
.484 

.478 
.472 
.466 
.460 
.454 

.448 
.442 
.436 
.430 
.424 

.418 
.412 
.406 
.400 
.394 


in. 
0.455 

.449 
.443 
.437 
.431 
.425 

.419 
.413 
.407 
.401 
.395 

.389 
.383 
.377 
.371 
.365 

.359 
.353 
.347 
.341 
.335 


in. 
0.388 

.382 
.376 
.370 
.364 
.358 

.352 
.346 
.340 
.334 
.328 

.322 
.316 
.310 
.304 
.298 

.292 
.286 
.280 
.274 
.268 


in. 
0.313 

.307 
.301 
.295 
.289 
.283 

.277 
.271 
.265 
.259 
.253 

.247 
.241 
.235 
.229 
.223 

.217 
.211 
.205 
.199 
.193 


in. 
0.228 

.222 
.216 
.210 
.204 
.198 

.192 
.186 
.180 
.174 
.168 

.162 
.156 
.150 
.144 
.138 

.132 
.126 
.120 
.114 
.108 


in. 
0.13 

.12 
.12 
.11 


30.8. 


30.6 


30.4 


30.2- 

30.0 


.10 
.10 


29.8 


.09 


29.6 

29.4 

29.2 


.09 
.08 
.07 
.07 

.06 


29.0 


28.8 _ __ .- 


28.6.__ 

28.4 


.06 
.05 


28.2- 


.OC 


28.0- 


.04 


27.8 - 

27.6 - 


. 03 
.03 
. 02 
.01 
.01 


27.4 


27.2 


27.0 - 


Table 14 — 


Guide table for ASTM Motor Method, using 19/32-in. 


venturi 


Compression ratio at 
29.92 in. Hg 


4.51 

0. 7811 
40 


4.66 

0. 7282 
50 


4.87 

0. 6616 
60 


5.01 

0. 6215 
65 


5.18 

0. 5758 
70 


5.40 

0. 5238 
75 


5.66 

0. 4648 
80 


6.01 

0. 3979 
85 


6.47 

0. 3223 
90 


7.10 

0. 2372 
95 


8.0 

0.141 

1 


Micrometer setting at 
29.92 in. Hg 


Octane number 


Barometric pressure 


Micrometer setting for standard knock intensity 


in. Hg 
30.0 - 


in. 
0.783 

.777 
.771 
.765 
.759 
.753 

.747 
.741 
735 
.729 
.723 

.717 
.711 
.705 
.699 
.693 

.687 
.681 
.675 
.669 
.663 

.657 
.651 
.645 
.639 
.633 


in. 
0.731 

.725 
.719 
.713 
.707 
.701 

.695 
.689 
.683 
.677 
.671 

.665 
.659 
.653 
.647 
.641 

.635 
.629 
.623 
.617 
.611 

.605 
.599 
.593 
.587 
.581 


in. 
0.664 

.658 
.652 
.646 
.640 
.634 

.628 
.622 
.616 
.610 
.604 

.598 
.592 
.586 
.580 
.574 

.568 
.562 
.556 
.550 
.544 

.538 
.532 
.526 
.520 
.514 


in. 
0.624 

.618 
.612 
.606 
.600 
.594 

.588 
.582 
.576 
.570 
.564 

.558 
.552 
.546 
.540 
.534 

.528 
.522 
.516 
.510 
.504 

.498 
.492 
.486 
.480 
.474 


in. 

0.578 

.572 

.566 
.560 
.554 
.548 

.542 
.536 
.530 
.524 
.518 

.512 
.506 
.500 
.494 
.488 

.482 
.476 
.470 
.464 
.458 

.452 
.446 
.440 
.434 
.428 


in. 
0.526 

.520 
.514 
.508 
.502 
.496 

.490 

.484 
.478 
.472 
.466 

.460 
.454 
.448 
.442 
.436 

.430 
.424 
.418 
.412 
.406 

.400 
.394 
.388 
.382 
.376 


in. 
0.467 

.461 
.455 
.449 
.443 
.437 

.431 
.425 
.419 
.413 
.407 

.401 
.395 
.389 
.383 
.377 

.371 
.365 
.359 
.353 
.347 

.341 

.335 
.329 
.323 
.317 


in. 

0.400 

.394 
.388 
.382 
.376 
.370 

.364 
.358 
.352 
.346 
.340 

.334 

.328 
.322 
.316 
.310 

.304 
.298 
.292 
.286 
.280 

.274 
.268 
.262 
.256 
.250 


in. 
0.325 

.319 
.313 
.307 
.301 
.295 

.289 
.283 
.277 
.271 
.265 

.259 
.253 
.247 
.241 
.235 

.229 
.223 
.217 
.211 
.205 

.199 
.193 

.187 
.181 
.175 


in. 
0.240 

.234 

.228 
.222 
.216 
.210 

.204 
.198 
.192 
.186 
.180 

.174 
.168 
.162 
.156 
.150 

.144 
.138 
.132 
.126 
.120 

.114 
.108 
.102 
.096 
.090 


in. 

0.14 

.13 

.13 

.126 

.120 

.114 

.108 
.102 
.096 
.090 
.084 

.078 
.072 
.066 
.060 
.054 

.048 
.042 
.036 
.030 
.024 

.018 
.012 
.006 
.000 
(•) 


29.8 


29.6 . 


29.4 


29.2 

29.0 


28.8 — 


28.6 


28.4 


28.2.. _ 


28.0 


27.8 


27.6 


27.4 


27.2 

27.0— 


26.8 


26.6 


26.4 


26.2 


26.0 


25.8 


25.6 


25.4 


25.2 


25.0..._ 




» Less than 0.000. 
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Table 15. — Guide table for ASTM Motor Method, using %-in. venturi 



Compression ratio at 

29.92 in. Hg. 
Micrometer setting at 

29.92 in. Hg. 
Octane number 



4.41 


4.55 


4.75 


4.88 


5.04 


5.24 


5.49 


5.81 


6.23 


6.80 


0. 8191 


0. 7662 


0. 6996 


0.6595 


0. 6138 


0. 5618 


0. 5028 


0. 4359 


0. 3603 


0. 2752 


40 


50 


60 


65 


70 


75 


80 


85 


90 


95 



7.62 

0. 1797 

100 



Barometric pressure 



Micrometer setting for standard knock intensity 



28.0.. 

27.8.. 
27.6.. 
27.4.. 
27.2.. 
27.0.. 

26.8.. 
26.6.. 
26.4.. 
26.2.. 
26.0.. 

25.8. 
25.6. 
25.4. 
25.2.. 
25.0. 

24.8. 
24.6. 
24.4- 
24.2. 
24.0. 

23.8. 
23.6. 
23.4. 
23.2. 
23.0. 

22.8. 
22.6. 
22.4. 
22.2. 
22.0. 



in. Hg 



0.761 

.755 
.749 
.743 
.737 
.731 

.725 
.719 
.713 
.707 
.701 

.695 
.689 
.683 
.677 
.671 

.665 
.659 
.653 
.647 
.641 

.635 
.629 
.623 
.617 
.611 

.605 
.599 
.593 

.587 
.581 



in. 


in. 


in. 


in. 


in. 


in. 


in. 


in. 


in. 


0.709 


0.642 


0.602 


0.556 


0.504 


0.445 


0.378 


0.303 


0.218 


.703 


.636 


.596 


.550 


.498 


.439 


.372 


.297 


.212 


.697 


.630 


.590 


.544 


.492 


.433 


.366 


.291 


.206 


.691 


.624 


.584 


.538 


.486 


.427 


.360 


.285 


.200 


.685 


.618 


.578 


.532 


.480 


.421 


.354 


.279 


.194 


.679 


.612 


.572 


.526 


.474 


.415 


.348 


.273 


.188 


.673 


.606 


.566 


.520 


.468 


.409 


.342 


.207 


.182 


.667 


.600 


.560 


.514 


.462 


.403 


.336 


.261 


.176 


.661 


.594 


.554 


.508 


.456 


.397 


.330 


.255 


.170 


.655 


.588 


.548 


.502 


.450 


.391 


.324 


.249 


.164 


.649 


.582 


.542 


.496 


.444 


.385 


.318 


.243 


.158 


.643 


.576 


.536 


.490 


.438 


.379 


.312 


.237 


.152 


.637 


.570 


.530 


.484 


.432 


.373 


.306 


.231 


.146 


.631 


.564 


.524 


.478 


.426 


.367 


.300 


.225 


.140 


.625 


.558 


.518 


.472 


.420 


.361 


.294 


.219 


.134 


.619 


.552 


.512 


.466 


.414 


.355 


.288 


.213 


.128 


.613 


.546 


.506 


.460 


.408 


.349 


.282 


.207 


.122 


.607 


.540 


.500 


.454 


.402 


.343 


.276 


.201 


.116 


.601 


.534 


.494 


.448 


.396 


.337 


.270 


.195 


.110 


.595 


.528 


.488 


.442 


.390 


.331 


.264 


.189 


.104 


.589 


.522 


.482 


.436 


.384 


.325 


.258 


.183 


.098 


.583 


.516 


.476 


.430 


.378 


.319 


.252 


.177 


.092 


.577 


.510 


.470 


.424 


.372 


.313 


.246 


.171 


.086 


.571 


.504 


.464 


.418 


.366 


.307 


.240 


.165 


.080 


.565 


.498 


.458 


.412 


.360 


.301 


.234 


.159 


.074 


.559 


.492 


.452 


.406 


.354 


.295 


.228 


.153 


.068 


.553 


.486 


.446 


.400 


.348 


.289 


.222 


.147 


.062 


.547 


.480 


.440 


.394 


.342 


.283 


.216 


.141 


.056 


.541 


.474 


.434 


.388 


.336 


.277 


.210 


.135 


.050 


.535 


.468 


.428 


.382 


.330 


.271 


.204 


.129 


.044 


.529 


.462 


.422 


.376 


.324 


.265 


.198 


.123 


.038 



0.122 

.116 
.110 
.104 
.098 
.092 

.086 
.080 
.074 
.068 
.062 

.056 
.050 
.044 
.038 
.032 

.026 
.020 
.014 
.008 
.002 

(*) 
( a ) 
( a ) 
( a ) 
( a ) 

( a ) 
( a ) 

8 

( a ) 



a Less than 0.000. 
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Table 16. — Guide table for 19J±2 CFR Research Method, using 9 /iQ-in. venturi 


Compression ratio at 

29.92 in. Hg. 
Micrometer setting at 

29.92 in. Hg. 
Octane number. - 


5.18 

0. 5777 

40 


5.33 

0. 5399 

50 


5.51 

0. 4970 

60 


5.62 

0. 4732 

65 


5.75 

0. 4474 

70 


5.90 

0. 4186 

75 


6.08 

0. 3852 

80 


6.32 
0. 3455 

85 


6.65 

0. 2962 

90 


7.14 

0. 2332 

95 


7.91 

0. 1511 
100 


Barometric pressure 










Micrometer setting 










in. Hg 
31.0 


in. 
0.599 

.595 
.591 

.587 
.583 
.579 

.575 
.571 
.567 
.563 
.559 

.555 
.551 
.547 
.543 
.539 

.535 
.531 
.527 
.523 
.519 

.515 
.511 
.507 
.503 
.499 

.495 
.491 
.487 
.483 
.479 

.475 
.471 
.467 
.463 
.459 

.455 
.451 
.447 
.443 
.439 

.435 
.431 
.427 
.423 
.419 


in. 
0.562 

.558 
.554 
.550 
.546 
.542 

.538 
.534 
.530 
.526 
.522 

.518 
.514 
.510 
.506 
.502 

.498 
.494 
.490 
.486 
.482 

.478 
.474 
.470 
.466 
.462 

.458 
.454 
.450 
.446 
.442 

.438 
.434 
.430 
.426 
.422 

.418 
.414 
.410 
.406 
.402 

.398 
.394 
.390 
.386 
.382 


in. 
0.519 

.515 
.511 

.507 
.503 
.499 

.495 
.491 
.487 
.483 
.479 

.475 
.471 
.467 
.463 
.459 

.455 
.451 
.447 
.443 
.439 

.435 
.431 
.427 
423 
.419 

.415 
.411 
.407 
.403 
.399 

.395 
.391 
.387 
.383 
.379 

.375 
.371 
.367 
.363 
.359 

.355 
.351 
.347 
.343 
.339 


in. 
0.495 

.491 

.487 
.483 
.479 
.475 

.471 
.467 
.463 
.459 
.455 

.451 
.447 
.443 
.439 
.435 

.431 
.427 
.423 
.419 
.415 

.411 
.407 
.403 
.399 
.395 

.391 
.387 
.383 
.379 
.375 

.371 
.367 
.363 
.359 
.355 

.351 
.347 
.343 
.339 
.335 

.331 
.327 
.323 
.319 
.315 


in. 
0.469 

.465 
.461 
.457 
.453 
.449 

.445 
.441 
.437 
.433 
.429 

.425 
.421 
.417 
.413 
.409 

.405 
.401 
.397 
.393 
.389 

.385 
.381 
.377 
.373 
.369 

.365 
.361 
.357 
353 
.349 

.345 
.341 
.337 
.333 
.329 

.325 
.321 
.317 
.313 
.309 

.305 
.301 
.297 
.293 
.289 


in. 
0.440 

.436 
.432 
.428 
.424 
.420 

.416 
.412 
.408 
.404 
.400 

.396 
.392 
.388 
.384 
.380 

.376 
.372 
.368 
.364 
.360 

.356 
.352 
.348 
.344 
.340 

.336 
.332 
.328 
.324 
.320 

.316 
.312 
.308 
.304 
.300 

.296 
.292 

.288 
.284 
.280 

.276 
.272 
.268 
.264 
.260 


in. 
0.407 

.403 
.399 
.395 
.391 
.387 

.383 
.379 
.375 
.371 
.367 

.363 
.359 
.355 
.351 
.347 

.343 
.339 
.335 
.331 
.327 

.323 
.319 
.315 
.311 
.307 

.303 

.299 
.295 
.291 

.287 

.283 
.279 

.275 
.271 
.267 

.263 
.259 
.255 
.251 
.247 

.243 

.239 
.235 
.231 
.227 


in. 
0.367 

.363 
.359 
.355 
.351 
.347 

.343 
.339 
.335 
.331 
.327 

.323 
.319 
.315 
.311 
.307 

.303 

.299 
.295 
.291 

.287 

.283 

.279 
.275 
.271 
.267 

.263 

.259 
.255 
.251 
.247 

.243 

.239 
.235 
.231 
.227 

.223 

.219 
.215 
.211 
.207 

.203 
.199 
.195 
.191 
.187 


in. 
0.318 

.314 
.310 
.306 
.302 
.298 

.294 
.290 
.286 
.282 
.278 

.274 
.270 
.266 
.262 
.258 

.254 
.250 
.246 
.242 
.238 

.234 

.230 
.226 
.222 
.218 

.214 
.210 
.206 
.202 
.198 

.194 
.190 
.186 
.182 
.178 

.174 
.170 
.166 
.162 
.158 

.154 
.150 
.146 
.142 
.138 


in. 
0.255 

.251 
.247 
.243 
.239 
.235 

.231 
.227 
.223 
.219 
.215 

.211 
.207 
.203 
.199 
.195 

.191 
.187 
.183 
.179 
.175 

.171 
.167 
.163 
.159 
.155 

.151 
.147 
.143 
.139 
.135 

.131 
.127 
.123 
.119 
.115 

.111 
.107 
. 103| 
.099 
.095! 

i 

.091 
.087 
.083 
.079 
.075 


in. 
0.173 

. 16i 
.165 
.161 
.157 
.153 

.149 
.145 
.141 
.137 
.133 

.129 
.125 
.121 
.117 
.113 

.109 
.105 
.101 
.097 
.093 

.089 
.085 
.081 
.077 
.073 

.069 
.065 
.061 
.057 
.053 

.049 
.045 
.041 
.037 
.033 

.029 


30.8 

30.6 

30.4 


30.2 

30.0.. - -- 

29.8 


29.6 


29.4 

29.2 


29.0 

28.8 


28.6 

28.4 


28.2 


28.0 


27.8 


27.6 


27.4 


27.2 


27.0 


26.8. 


26.6 


26.4 


26.2 


26.0 

25.8 


25.6 


25.4 


25.2 


25.0 


24.8 


24.6 


24.4 


24.2 

24.0 

23.8 


23.6 


.025 


23.4 .-. 


. 021 


23.2 


.017 


23.0 


.013 


22.8 


.009 


22.6 


.005 


22.4 


.001 


22.2 


(*) 


22.0 ~~ 


<•)» 



Less than 0.000. 



